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METHODS FOR HIGHJ V KFFICIENT GENERAT ION OF ADENOVIRAL 

VECTORS 

TF.CHmCAL FIELD OF THE INVENTION 
The invention provides reagaits and methods for highly efficient generation of 
adenoviral vectors by homologous recombination. The present invention provides unique 
shuttle vectors and an improved methodology for co-transfection of a shuttle vector and a 
helper plasmid into 293 cells to generate El -deleted, El / E3-deleted, El / E2a / E3- 
deleted or El / E3 / E4 / protein IX-deleted adenoviral vectors. 

nnsCRIPTION OF THE PRIOR ART 
Adenoviruses (Ad) consist of nonenveloped icosahedral (20 facets and 12 
vertices) protein capsids having a diameter of 60-90 nm and an inner DNA / protein core 
(1). The outer capsid is composed of 252 capsomers arranged geometrically to form 240 
hexons (12 hexons per facet) and 12 penton bases; the latter are located at each vertex 
from which protrude as antennalike fibers. This structure is responsible for attachment of 
Ad to cells during infection. Wild-type Ad contain 87% protein and 13% DNA and have 
a density of 1 .34 g/ml in CsCl. The adenoviral genome is a double-stranded linear DNA 
molecule of approximately 36 kb and is conventionally divided into 100 map units (mu). 
Each end of the viral genome is terminated by a region containing a 100-150 bp repeated 
DNA sequence, termed an inverted terminal repeat (ITR). The left ITR (bp 194-385) 
contains the signal for encapsidation (the "packaging signal"). Both ITRs and the 
packaging signal are cis-acting elements necessary for viral DNA replication and 
packaging (2, 3). 

Ad vectors are utilized in the field of gene therapy because of several useful 
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characteristics. Such characteristics include: (a) Ad have been widely studied and well 
characterized as a model system for eukaryotic gene regulation and, as such, have served 
as a basic tool for viral vector development; (b) Ad vectors are relatively simple to 
generate and manipulate; (c) Ad exhibit a broad host range in vitro and in vivo with high 
5 infectivity, and have the ability to infect non-dividing cells; (d) Ad are relatively stable 
and may be isolated at high titer [10'*'- 10" plaque-forming unit (pfu)/ml]; (e) the life 
cycle of Ad does not require integration into the host cell genome; (f) the foreign genes 
delivered by Ad vectors are mainly expressed episomally, thus having low genotoxicity 
when applied in vivo; and. (g) side effects have not been reported following vaccination 
10 of volunteers with wild-type Ad, demonstrating their safety for in vivo gene transfer. 
Additionally, Ad vectors have been successfully utilized in studies of eukaryotic gene 
expression (11, 12), vaccine development (13, 14), and gene transfer in animal models (4, 
15, 16). Experimental routes for administrating recombinant Ad to different tissues in 
vivo have included intratracheal instillation (17), intramuscular injection (18), peripheral 
15 intravenous injection (19), and stereotactic inoculation of the brain (20). 

The Ad genome is further subdivided into early (E) and late (L) regions consisting 
of separate transcription units characterized according to the onset of viral DNA 
rephcation. The El region (El A and ElB) encodes proteins responsible for the regulation 
of transcription of the viral genome as well as a few cellular genes (6). Expression of the 
20 E2 region genes (E2A and E2B) leads to the synthesis of the proteins needed for viral 
DNA replication (7). The proteins encoded by the E3 region prevent cytolysis by 
cytotoxic T cells and tumor necrosis factor (8). The E4 proteins (encoded by genes of the 
E4 region) are involved in DNA replication, late gene expression and splicing, and host 
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cell shut off (9). The products of the late genes, including the majority of the viral capsid 
proteins, are expressed after processing of a 20-kb primary transcript driven by the major 
late promoter (MLP) (10). The MLP (located at 16.8 mu) is particularly efficient during 
the late phase of infection, and the mRNAs issued from this promoter possess a 5' 
5 tripartite leader (TL) sequence, which enhances translation of those mRNAs. 

The E3 region is dispensable from the Ad genome (i.e., not required for 
replication; see ref 25), and the first generation Ad vectors are able to incorporate foreign 
DNA into the El and / or E3 region (5). In nature, the Ad particle is able to accommodate 
DNA to a maximum size of approximately 105% of the wild-type genome (26), 
10 corresponding to an additional 2 kb of DNA. Combined with the approximate 6.5 kb of 
DNA that is replaceable in the El and E3 regions using current Ad helper systems (see 
below), the maximum capacity of the current Ad vector for heterologous DNA is under 
8.5 kb. This corresponds to approximately 15% of the total length of the vector. 
Replication may occur with the first generation Ad vectors at high multiplicities of 
15 infection (moi) since the replication deficiency rendered by the El deletion is incomplete 
(27). Leakage represents a source of vector-borne cytotoxicity in target cells and is 
responsible for the induction of inflammatory and immune responses to vector-infected 
target cells in vivo (28). These factors, at least in part, account for the transient nature of 
transgene expression using current Ad vectors. 
20 The size limit on DNA that can be packaged into Ad virions is similar to the size 

of the wild-type Ad genome; the total capacity of an Ad virion has been determined to be 
approximately 5% greater than the wild-type Ad genome. Thus, insertion of large 
fragments of heterologous DNA into Ad requires replacement of viral sequences. In 
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order to generate a viable, recombinant Ad vector including a heterologous DNA 
fragment (or "gene of interest"), the function of the replaced viral DNA must be either 
dispensable or supplied by a trans-ociing source (a "helper" source). The /raw5-acting 
source may take the form of a helper virus and / or a helper cell. The current state of the 
art provides two types of Ad vector systems, a helper-dependent system and a helper- 
independent system. 

Helper virus-dependent Ad were utiHzed originally by those skilled in the art to 
generate infectious, recombinant Ad vectors. Over time, this system has been developed 
into a vector system useful for delivering heterologous genes. For use in gene therapy, 
however, this vector system provides a significant difficulty to the investigator. Namely, 
the system leads to helper virus contamination of the recombinant Ad vector product. 
This problem is extremely relevant if the recombinant Ad vector is to be administered to 
a patient as part of a gene therapy protocol. Therefore, this approach has been largely 
abandoned in favor of the development of helper virus-independent systems. Recently, 
systems have been developed that include helper virus-independent and replication- 
defective vectors. 

The development of a helper virus-independent Ad vector was dependent upon 
the development of an Ad "helper" cell line, 293 (ATCC# CRL 1573). The 293 cell line 
was derived from human embryo kidney cells by transformation with Ad5 DNA 
fragments. The transformed cell line constitutively expresses the El proteins (ElA and 
ElB), which are required for Ad repHcation (Fig. 2; see Ref. 2). The 293 cell line, 
therefore, provides the El proteins in trans, such that an adenoviral vector having a 
deletion in the El region may replicate within 293. 
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Three major approaches have been utilized by those skilled in the art m 
combination with the 293 cell line to generate an infectious, replication-defective helper 
virus-independent recombinant Ad vector. One approach, conmionly refenred to as the 
Stow method (22), is an in vitro recombination approach, involving transfection of 293 
5 cells with a modified Ad genome including a gene of interest inserted in the El region. 
The method requires isolation of an Ad genome and restriction enzyme digest of the 
genome such that a small and a large fragment representing a portion of the left end and 
the remaining left end and the right end, respectively, of the Ad genome are isolated, A 
gene of interest is then inserted into the El region of the small fragment. This modified 
10 small fragment is then ligated to the large fragment and the recombined molecule 
transfected into 293 cells (Fig. 3A). This method requires the investigator to perform 
multiple steps and is not convenient for routine generation of recombinant Ad vectors. 

A second approach requires isolation of a small fragment and a large fragment of 
the Ad genome following restriction enzyme digestion of the Ad genome. Into the El 
1 5 region of the small fragment, consisting of a portion of the left end of the Ad genome, is 
inserted a gene of interest. The recombined DNA molecule is then circularized to form a 
plasmid. The isolated large fragment of the Ad genome (having some overlapping 
sequence with the small fragment) and the recombinant plasmid are then co-transfected 
into 293 cells. To generate recombinant Ad vectors using this system, recombination 
20 between the large fragment and the recombinant plasmid must occur within the 293 cell 
(" in vivo recombination" ; ref. 23). This method requires an extensive amount of labor by 
the investigator (i.e., isolate the Ad genome, restriction digest and isolate the small and 
large fragments, clone in a gene of interest, and is, therefore, inconvenient as a method 
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for the routine generation of recombinant Ad vectors. 

A third method requires recombination between two plasmids within a cell (24). 
One of these plasmids (the "shuttle vector") includes a portion of the left end of the Ad 
genome having a gene of interest inserted into the El or E3 region. The other plasmid 

5 (the "helper plasmid" ) is a recombinant plasmid having the remainder of the Ad genome 
(some of which overl^s with the shuttle vector) and plasmid backbone sequence. These 
two plasmids are co-transfected into 293 cells resulting in the generation of recombinant 
Ad, provided recombination between the two plasmids occurs within a 293 cell (Fig. 3B). 
Such a system has been developed by Frank Graham and is the method of recombinant 

10 Ad vector generation most commonly utihzed by those skilled in the art (5, 29, 30). In 
that system, four separate Ad type 5 (Ad5) helper plasmids may be utilized depending on 
the specific application: 1.) pJM17 (29; available from Microbix Biosy stems. Inc., 
Ontario, Canada); 2.) pBHGlO (30; available from Microbix Biosystems, Inc., Ontario, 
Canada); 3.) pBHGll (30; available from Microbix Biosystems, Inc., Ontario, Canada); 

15 or,4.)pKGBl (32). 

pJM17 has been shown to be useful for generating El -deleted Ad vectors, 
although the capacity for exogenous DNA is only approximately 4,7-4.9 kb. 
Additionally, use of pJM17 often results in the generation of large amounts of wild-type 
virus when the pBR322 sequence in the Ad5 genome is deleted. These represent 

20 significant limitations to the widespread use of the pJM17 helper plasmid in gene therapy 
or basic research. 

These problems have been partially, but not completely, overcome through the 
use of the pBHGlO and pBHGll helper plasmids, which have more capacity (from 7.8 
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kb to 8.3 kb) for exogenous genetic material. Also, use of pBHGlO and pBHGU do not 
result in a wild-type viral particle production due to deletion of the Ad5 packaging signal 
(30). pBHGlO and pBHGll have been shown to be useful in the generation of El / E3- 
deleted Ad vectors having a total edacity for 7.9 to 8.3 kb of exogenous DNA (30). 
5 Additionally, pKGBl has been utilized for generating El / E3 / E4 / protein IX-deleted 
Ad vectors having a total capacity of 11 kb for exogenous DNA (32). 

Graham's system also includes three shuttle vectors into which the gene of 
interest may be inserted into the El region: 1.) pAElplA (30; available from Microbix 
Biosystems, Inc., Ontario, Canada); 2.) pAElplB (30; available from Microbix 
10 Biosystems, Inc., Ontario, Canada); and, 3.) pXCJLl (a derivative of pXCX2; 31). Each 
of these shuttle vectors comprise the Ad5 left ITR including the packaging signal (ad5 
sequence bp 22 to 342 for pAElplA and pAElplB; ad5 sequence bp 22-450 for 
pXCJLl), a homologous recombination arm (ad5 sequence bp 3524 to 5790 bp for 
pAElplA and pAElplB; ad5 sequence bp 3332-5788 bp for pXCJLl), and a muhiple 
15 cloning site between the ad5 packaging signal and the homologous recombination arm 
into which exogenous DNA may be inserted (30). The shuttle vector comprising the gene 
of interest (i.e., the CMV-EGFP cassette as shown in Fig. 4) is typically co-transfected 
with one of the helper Ad5 plasmids (i.e., pBHGlO as in Fig.4) into early passage 293 
cells. Homologous recombination between the helper plasmid and the shuttle vector 
20 results in the generation of a recombinant Ad vector (Fig. 4). 

Graham's method is more convenient to the investigator than either the first or the 
second methods described above, but maintains at least two significant drawbacks. For 
instance, the frequency of recombination between the plasmids is, in general, very low. 
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The efficiency of generating a recombinant Ad vector generation using pBHGlO or 
pBHGll is lisually low and the system typically requires multiple co-transfection in 
order to generate recombinant Ad vector. An additional limitation is that Graham*s 
methods require the use of early passage 293 cells (earUer than passage 40-50) (5). 
5 Accordingly, there is a need in the art for improved methods for efficient generation of 
recombinant Ad vectors. The present invention provides a significant improvement over 
this third method. 

SUMMARY OF THE INVENTION 

The reagents and methodologies provided in this invention allow for generation of 
10 recombinant Ad vectors with much higher efficiency than conventional methods. A 
significant difficulty encountered by investigators in the field of Ad research and gene 
therapy, efficient generation of recombinant Ad vectors, may be overcome using the 
reagents and methodologies of the present invention. 

An objective of the present invention is to provide reagents for high-efficiency 
15 generation of a recombinant Ad vector. The present invention thus includes several 
unique shuttle vectors comprising: 1). an ad5 3'-ITR/5'-ITR packaging signal fusion 
structure (3'ITR: ad5 bp 35503 to 35925; 5TTR/packaging signal: ad5 bp 4 to 450); 2). 
a polylinker region; and, 3). a region comprising ad5 sequence capable of fimctioning as 
a homologous recombination region, preferably comprising Ad5 bp 3332 - 5578 or Ad5 
20 bp 3533 - 5788. 

Another objective of the present invention is to provide methodologies for high- 
efficiency generation of a recombinant Ad vector. The present invention, therefore, 
includes a method comprising pre-incubation of a shuttle vector and an Ad5 helper 



wo 98/32860 PCT/US97/23685 

9 

plasmid at increased temperature for a sufficient period of time, preferably at 70°C for 5 

min in a conditional buffer. 

A further objective of the present invention is to provide a method for enhancing 
the efficiency of Ad vector production through the use of late passage 293 cells, 
5 preferably at passage 70 or later. 

Yet another objective of the present invention is to provide reagents and methods 
useful fiw high-efficiency generation of El-deleted, El / E3-deleted, El / E2a / E3- 
dclctcd or r I . C3 / E4 / protein IX-deleted adenoviral vectors. 

The ohjcctives described above, as well as other objectives of the present 
10 in\cntion. u lU be understood in light of the detailed description of the invention provided 
below. 

RRIEF DESCRIPTTON OF THE FIGURES 
Figure 1. The genome and transcription units of AdS. The length of the Ad5 genome 

1 5 is approximately 36 kb, and is conventionally divided into 1 00 map units (mu). Early (E) 
region and late (L) region genes are indicated, and refer to the time period during which 
these genes are transcribed following infection of a host cell. The orientation of 
transcription is indicated by arrows. Gaps between arrows indicate intervening 
sequences. The box represents the location of the major late promoter (MLP). The 

20 triangle at map unit 1 represents the location of the packaging signal (referred to in the 
text as T). 
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Figure 2. Development of the 293 cell line. A human embryonic kidney cell was 
transformed with fragments of the Ad5 genome. The cell expresses the Ad El proteins. 

Figure 3. Methods for generating recombinant Ad vectors. A. The Stow method, an 
in vitro recombination system. B. The plasmid recombination inethod. 

Figure 4. Method for generating a recombinant Ad vector. The shuttle vector 
GT4122 comprising a CMV-EGFP insert was co-transfected with pBHGlO into 293 
cells. Homologous recombination between the helper plasmid and the shuttle vector 
results in generation of a recombinant Ad5 CMV-EGFP vector. 

Figure 5. Recombination between shuttle vector GT4122 and pBHGlO. In 293 

cells, pBHGlO replicates in the presence of El protein. Shuttle vector GT4122 does not 
self-replicate, reducing the probability of homologous recombination. 

Figure 6. Recombination between shuttle vector GT4117 and pBHGlO. In 293 cells, 
pBHGlO replicates in the presence of the El protein. Shuttle vector GT41 17, comprising 
both a 5' and a 3' FTR also replicates as a mini virus, which increases the probability of 
homologous recombination. 

Figure 7. Maps of GT4120, GT4121 and GT4142. GT4120 comprises an Ad5 5'-ITR 
/ packaging signal Q¥) structure. GT4121 and GT4142 each comprise an Ad5 3*-ITR and 
a 5'-ITR / packaging signal Q¥) fusion structure. 
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Figure 8. Maps of GT4122 and GT4117. GT4122 comprises an Ad5 5'-ITR / 
packaging signal Q¥) structure. GT4117 comprises an Ad5 3*-ITR and a 5'-ITR / 
packaging signal Q¥) fusion structure. Each plasmid further comprises a CMV-EGFP 
5 cassette and additional Ad5 sequence (bp 3533 to 5788 of the Ad5 genome). 

Figure 9. Maps of GT4140 and GT414L GT4140 contains ad5 5'-ITR / packaging 
signal Q¥) structure. GT4141 comprises an Ad5 3'-ITR and a 5'-ITR / packaging signal 
Q¥) fusion structure. Each plasmid further comprises a CMV-EGFP cassette and 
10 additional Ad5 sequence (bp 3332 to 5788 of the Ad5 genome). 

Figure 10. Ad vector generation using late-passage 293 cells* One \ig of GT4122 or 
GT41 17 was combined with two ^ig pBHGlO and co-transfected into 293 cells (passage 
71) in one well of a 6-welI plate and split into two 24-well plates (48 wells total) two 
1 5 days later. Green fluorescent plaques were counted on day 1 5 after transfection. 

Figure IL Other improvements of Ad vector shuttle vectors* Plasmid A comprises 
an Ad5 3'-ITR and a 5'-ITR / packaging signal (T) fusion structure in opposite 
orientation. The ITRs may also be separated by a DNA sequence. Plasmid B comprises a 
20 5'-ITR with or without packaging signal (T) in reverse orientation and a 5'-ITR with 
packaging signal in a forward orientation. 
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DETAILED DESCRIPTION OF THE INVENTION 

Within this application, unless otherwise stated, the techniques utilized may be 
found in any of several well-known references including: Molecular Cloning: A 
Laboratory Manual (Sambrook, et al., 1989, Cold Spring Harbor Laboratory Press), Gene 

5 Expression Technology (Methods in Enzymology, Vol. 185, edited by D. Goeddel, 1991. 
Academic Press, San Diego, CA), PCR Protocols: A Guide to Methods and Applications 
(Innis. ct al- 1<>*X}. Academic Press, San Diego, CA), Culture of Animal Cells: A Manual 
of HuMc Ti chnufuc. 2"^^ Ed. (R.I. Freshney. 1987. Liss, Inc. New York, NY), and 
Mantpulatum of adenovirus vectors, (In Methods in Molecular Biology (Vol 7), Gene 

10 Transfer and Expression Protocols ^ pp. 109-128, ed. E.J. Murray, The Humana Press 
Inc., Clifton. N.J.). 

The present invention provides reagents and methods useful for increasing the 
efficiency of recombinant Ad vector production. This invention provides a shuttle vector 
that allows for increased efficiency in generation of Ad vectors by homologous 

15 recombination. The three conventional shuttle vectors described above (pAElplA, 
pAElplB and pXLJLl) comprise only the 5'-ITR comprising the packaging signal of 
Ad5 and are unable to replicate within a host cell (Fig. 5). Therefore, following co- 
transfection into a host cell, the probability that the shuttle vector and the helper plasmid 
will recombine to generate a recombinant Ad vector is limited by the copy number of the 

20 shuttle vector. Accordingly, recombination events are infirequent and the generation of a 
recombinant Ad vector is rare using these conventional reagents. 

The present invention provides multiple shuttle vectors comprising both a 5'-ITR 
with the packaging signal QV) and a 3*-ITR that are able to replicate within a host cell. 



wo 98/32860 PCT/US97/23685 

13 

Following co-transfection with a helper plasmid into 293 cells (ATCC# CRL1573), a 
shuttle vector of the present invention is able to replicate and increase its copy number. 
This results in an increased possibility of homologous recombination (due to an increased 
number of available shuttle vectors) between the shuttle vector and the helper plasmid 
5 (Fig. 6). Accordingly, the efficiency of recombinant Ad vector generation using a shuttle 
vector of the present invention is greatly increased over that achieved using a 
conventional shuttle vector. 

Preferably, exogenous DNA comprising a gene of interest may be incorporated 
into a shuttle vector of the present invention. The gene of interest may be a reporter or an 
10 effector gene. Useful reporter genes may include but are not limited to p-galactosidase 
(P-gal), luciferase, and, as demonstrated within this application, green fluorescent protein 
(GFP). Useful effector genes may include but are not limited to a gene encoding an 
antigen, a tumor suppressor gene, a growth suppressor gene, an oncogene, an 
immunomodulatory gene or a ribozyme. The gene of interest may further include a 
15 regulatory element operably linked to a reporter or an effector gene such that expression 
is controllable or limited to specific tissues resulting in a higher therapeutic efficacy of 
the vector. The Ad vector system of the present invention is also useful for accelerating 
gene transfer and gene therapy research by providing a more efficient method for 
generating recombinant Ad vectors. This system may also be useful in basic research of 
20 the Ad life cycle and the mechanisms with which Ad may infect and thrive within a host 
cell. 

The reagents and / or methodologies of the present invention may be combined in 
various combinations to supply a kit for recombinant adenoviral vector production. Such 
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a kit may include a shuttle vector of the present invention (i.e., GT4117, GT4121, 
GT4142, or GT4141), a helper plasmid (i.e., pJM17, PBHGIO, or pBHGl 1), and a cell 
line capable of supplying in trans proteins required for adenoviral replication (i.e., 293 
cells). The shuttle vector of the kit may be supplied having a reporter gene (i.e., P-gal) or 
5 effector gene (i.e., IFN-y) incorporated into its structure. Alternatively, the shuttle vector 
may be provided that has a polylinker region such that the investigator may insert a gene 
of interest specific for their particular application. 

The present invention further provides a method for increasing the efficiency of 
recombinant Ad vector generation using either conventional reagents or the improved 
10 reagents of the present invention. The present invention provides a unique methodology 
comprising novel conditions for incubation of a shuttle vector and a helper plasmid prior 
to co-transfection that resuUs in high-efficiency generation of recombinant Ad vectors. 
Using conventional methods, the shuttle vector and the helper plasmid are incubated at 
room temperature prior to transfection into 293 cells (5). In both conventional and the 
15 inventive methodology of the present application, the 293 cells may be transfected using 
any of the known transfection protocols know to one skilled in the art such as calcium 
phosphate-mediated transfection (i.e., using a kit available fi-om GEBCO/BRL), 
lipofection (i.e., Lipofectamine available from GIBCO/BRL), or electroporation (i.e., 
using technology availabe from BioRad, Inc.). For the puiposes of this invention, the 
20 initial incubation of shuttle vector and helper plasmid occurs under higher temperatures 
than that at which conventional incubations are performed. The temperature is higher 
than room temperattire, preferably in the range of 35T to 80**C, more preferably being 
SOT to 80°C, and most preferably bemg 70'C. This new methodology results in the 
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generation of a higher number of recombinant Ad vectors per transfection, allowing the 
investigator to avoid time-consuming, multiple, repeated transfections associated with 
conventional methodologies. 

Additionally, a methodology for high-efficiency generation of recombinant Ad 
5 vectors is provided using "late passage" 293 cells. The late passage 293 cells have 
preferably been passaged greater than 50 times, and even more preferably greater than or 
equal to 70 times. This is convenient for the investigator, in that he may utilize a single 
batch of cells for a much longer period of time, avoiding the time-consuming task of 
repeated initialization of 293 cell culture. 
10 Another particularly useful embodiment of the present invention combines both 

increased temperature and late passage 293 cells, resulting in both increased efficiency of 
recombinant Ad vector generation and ease of use for the investigator. 

Within this application, ?i DNAJragntent is defined as segment of a single- or 
double-stranded DNA derived fi^om any source. 
1 5 A DNA construct is defined a plasmid, virus, autonomously replicating sequence, 

phage or linear segment of a single- or double-stranded DNA or RNA derived firom any 
source. 

A reporter ^ene is defined as a subchromosomal and purified DNA molecule 
comprising a gene encoding an assayable product. 
20 An assavahle product includes any product encoded by a gene that is detectable 

using an assay. Furthermore, the detection and quantitation of the assayable product is 
anticipated to be directly proportional to the level of expression of the gene. 

An effector i?ene is defined as any gene that, upon expression of the polypeptide 
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encoded by the gene, confers an effect on an organism, tissue or cell. 

Heterologous DNA or exogenous DNA is defined as DNA introduced into an 
adenoviral construct that was isolated from a source other than an adenoviral genome. 

A trans^ ene is defined as a gene that has been inserted into the genome of an 
organism other than that normally present in the genome of the organism. 

A recombinant adenoviral (Ad) vector is defined as a adenovirus having at least 
one segment of heterologous DNA included in its genome. 

Adenoviral fAd) particle is defined as an infectious adenovirus, including both 
wild type or recombinant. The adenovirus includes but is not limited to a DNA molecule 
encapsidated by a protein coat encoded within an adenoviral genome. 

A recombinant adenoviral fAd) particle is defined as an infectious adenovirus 
having at least one portion of its genome derived from at least one other source, including 
both adenoviral genetic material as well as genetic material other than adenoviral genetic 
material. 

An antigen is defined as a molecule to which an antibody binds and may fiirther 
inlcude any molecule capable of stimulating an inunune response, including both 
activation and repression or suppression of an inmiune response. 

A tumor suppressor £ene is defined as a gene that, upon expression of its protein 
product, serves to suppress the development of a tumor including but not limited to 
growth suppression or induction of cell death. 

A growth suppressor 2ene is defined as a gene that, upon expression of its protein 
product, serves to suppress the growth of a cell. 

An oncogene is defined as a cancer-causing gene. 
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An immunomodulatory eene is defined as any gene that, upon expression of its 
nucleic acid or protein product, serves to alter an immune reaction. 

A ribozvme is defined as an RNA molecule that has the ability to degrade other 
nucleic acid molecules. 

5 The following examples illustrate particular embodiments of the present invention 

and are not limiting of the specification and claims in any way. 

EXAMPLE 1 
Construction of new shuttle vectors 
GT4120 is a conventionally utilized shuttle vector and comprises an Ad5 5'-ITR / 
10 packaging signal fusion structure (ad5 bp 22 to 450), a polylinker region and 2255 bp of 
additional Ad5 sequence (bp 3533 to 5788 of the AdS genome) in a pBR322 backbone 
(3.7 kb of pBR322 corresponding to the Sal I to EcoRI fragment). This plasmid was 
constructed by replacement of the Xba I to AH n region of pXCJLl (a derivative of 
pXCX2, see Ref 31) with a polylinker sequence at Xba I / Bam HI (Fig. 7). A shuttle 
15 vector of the present invention, GT4121, was constructed by replacement of the Ad5 5'- 
ITR / packaging signal structure of GT4120 with the Ad5 3*-ITR / 5'-ITR / packaging 
signal fusion structure (comprising AdS bp 35503 - 35925 and Ad5 bp 4 - 450) from 
GT4007 (Fig. 7). Another shuttle vector of the present invention, GT 4142, is identical to 
GT4121 except that GT4142 comprises additional Ad5 sequence (AdS bp 3332 - 5788 ) 
20 as a homologous recombination arm (Fig. 7C). 

The conventionally utilized shuttle vector, GT4122, was constructed by insertion 
of the CMV-EGFP expression cassette of plasmid GT4082 (available from Baxter 
Healthcare Corp., Round Lake, IL) into the conventionally utilized plasmid GT4120. 
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GT4122 comprises an Ad5 5'-ITR / packaging signal structure (bp 22 - 450 ), a CMV- 
EGFP expression cassette in reverse orientation, additional Ad5 sequence (bp 3533 - 
5788) and a portion of the pBR322 backbone (Sal I / EcoR I fragment) (Fig. 8). To 
construct the inventive plasmid GT4117, the 5'-ITR of plasmid GT4122 was replaced by 

5 the Ad5 3'-ITR / 5'-ITR / packaging signal fusion structure (comprising Ad5 bp 35503 - 
35925 and Ad5 bp 4 - 450) (Fig. 8). 

The conventionally utilized plasmid GT4140 was constructed by insertion of a 
CMV-EGFP expression cassette isolated from GT4082 into the Xhol / Xbal site of 
pXCJLl. GT4140 comprises an Ad5 5*-ITR / packaging signal (bp 22 - 450) structure, a 

10 CMV-EGFP expression cassette in forward orientation, additional Ad5 sequence (bp 
3332 - 5788) and a portion of pBR322 (the Sal I / EcoR I fragment) as plasmid backbone 
(Fig. 9). The inventive plasmid GT4141 was constructed by insertion of the CMV-EGFP 
expression cassette taken of GT4082 into the Xhol / Spel site of the inventive plasmid 
GT4142. GT4141 comprises an Ad5 3*-ITR / 5'-ITR /packaging signal fiision structure 

1 5 (Ad5 bp 35503 - 35925 and ad5 bp 4 - 450), a CMV-EGFP expression cassette in forward 
orientation, additional Ad5 sequence (bp 3332 - bp 5788) and a portion of pBR322 (the 
Sail / EcoRI fragment) as plasmid backbone (Fig. 9). 

EXAMPLE 1 

Generation of a recombinant Ad vector (AdCMV-EGFP) using invention 
20 shuttle vectors 

In order to determine the increased efficacy of Ad vector generation using the 
reagents of the present invention, conventional techniques were utilized to co-transfect 
293 cells with the shuttle vector of the invention with pBHGlO or pBHGll. In this 
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example, late-passage 293 cells were utilized (passage 71), were utilized. It is to be 
understood by one skilled in the art that the invention plasmids may be utilized to 
transfect lower-passage 293 cells (under passage 50). At room temperature, one ^ig of 
GT4122 or GT41 17 was independently mixed with two ng of pBHGlO in 20 \i\ of HjO 
5 for five min. This was followed by mixing with 25 \il of 2.5 M CaClz and 205 \il of HA 
and mixing with 250 ^l 2x BBS (50 mM BES pH 6.95, 280 mM NaCl, 1.5 mM NaH2P04 
), and incubation at room temperature for 10 min. The mixture was then added to 293 
cells in one well of a 6-well plate with 4 ml of growth medium (10% new bom calf serum 
+ 90% DMEM). The transfected 293 cells were then incubated in a 37^C, 3% CO2 
10 incubator overnight (12-15 hrs). The media was changed next day and the cells were 
incubated in a 37°C, 5% CO^ incubator for another 24 hr. Cells from one well of 6-well 
plate were then split into two 24-well plates and incubated in a 3TC, 5% CO2 incubator 
for 2-3 weeks. Medium was changed every 3-4 days during this period. Plaques of 
recombinant viral particles comprising the CMV-EGFP expression cassette were detected 
15 and counted under a green fluorescence microscope. Utilization of the invention shuttle 
vector GT4117 / pBHGlO combination generated 14 times more green fluorescent 
plaques than utilization of the conventional shuttle vector GT4122 / pBHGlO 
combination (Fig. 10). 

EXAMPLE 3 

20 Improved Methodology for Recombinant Adenoviral V ector Production 

The present invention also includes a methodology with which the efficiency of 
Ad vector production is increased over conventional methods. This methodology 
includes incubation of shuttle vector and helper plasmid at temperatures above that 
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utilized in conventional methodologies. The improved methodology may be utilized with 
either conventional shuttle vector or using the improved shuttle vectors of the present 
invention. Additionally, the methodology of this example may be utilized with either 
late-passage or early-passage (less than passage 50) 293 cells. 

In this example of the present invention, the initial incubation of the shuttle and 
helper plasmids is performed at a temperature greater than room temperature (the 
conventional methodology). The methodology of the present invention, utilized in this 
example, was performed as follows: one iig of GT4122 or GT41 17 was mixed with two 
\ig of pBHGlO in 18 ^1 of H2O and two nl of lOX conditional buffer (500 mM Tris-HCl, 
pH 7.5, 330mM NaCl, lOOmM MgCl2) was added, followed by incubation at 70^C for 5 
min. The mixture was then cooled at room temperature and mixed with 25 jil of 2.5 M 
CaCl2 and 205 ^il of HjO, followed by mixing with 250 ^1 2x BBS (50 mM BES pH 6.95, 
280 mM NaCl, 1.5 mM NaH2P04 ), followed by incubation at room temperature for 10 
min. The mixture was then added to 293 cells in one well of a 6-well plate with 4 ml of 
growth medium (10% new bom calf serum + 90% DMEM). The transfected 293 cells 
were then incubated in a 37°C, 3% CO2 incubator overnight (12-15 hrs). The media was 
changed next day and cells were incubated in a 37'*C, 5% COj incubator for another 24 
hr. Cells from one well of 6-well plate were then split into two 24-well plates and 
incubated in a 3TC, 5% CO2 incubator for 2-3 weeks. Medium was changed every 3-4 
days during this period. Plaques of recombinant viral particles comprising the CMV- 
EGFP expression cassette were detected and counted under a green fluorescence 
microscope. 
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Figure 10 demonstrates the results of co-transfection of late-passage 293 cells 
(passage 71) with the shuttle vectors of the present invention with conventional helper 
plasmids. Following an initial 70°C incubation of either the invention shuttle vector 
GT4117 or the conventional shuttle vector GT4122 with the helper plasmid pBHGlO, co- 
5 inmsfcction of 293 cells with the GT4117 / pBHGlO mixture results in the detection of 
four limes more green fluorescent plaques than co-transfection of 293 cells with the 
GT4i:2 / pBUGlO mixture. In both the GT4122 / pBHGlO and the GT4117 / pBHGlO 
co-transfcction groups, initial incubation of shuttle vector and helper plasmid at 70T 
generates a ^rrcaicr number of fluorescent plaques than those groups initially incubated at 
10 room temperature (Fig. 10). 

In summary, the shuttle vector of the present invention combined with an initial 
incubation of the shuttle vector and the helper plasmid at 70°C increase the efficiency of 
recombinant Ad vector generation by greater than 20-fold as compared to that achieved 
using conventional techniques including a shuttle vector comprising only a single ITR 
15 and an initial incubation of shuttle vector and helper plasmid at room temperature. 

EXAMPLE 4 
Other designs of improved shuttle vector 
It is also possible to separately incorporate two ITR regions into a shuttle vector. 
Figure 1 1 shows two new designs of new shuttle vectors of this invention. Plasmid A 
20 comprises both a 3'-ITR in reverse orientation, an intervening DNA sequence and a 5'- 
ITR / packaging signal fusion structure in the forward orientation, a polylinker region, 
and additional Ad5 sequence (bp 3332-5788 of the Ad genome) as a homologous 
recombination arm. Plasmid B comprises a 5' -ITR (with or without packaging signal) in 
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reverse orientation and a 5'-ITR having the packaging signal in the fonvard orientation, a 
polyhnker region and additional Ad5 sequence (bp 3332-5788 of the Ad genome) as a 
homologous recombination arm (Fig. 11). Utilization of either shuttle vector results in 
the generation of El -deleted. El / E3-deleted, El / E2a / E3-deleted or El / E3 / E4 / 
protein IX-deleted recombinant Ad vectors v/ith similar efficiency to GT4121 and 
GT4142. 

While a preferred form of the invention has been shown in the drav^ings and 
described, since variations in the preferred form will be apparent to those skilled in the 
art, the invention should not be construed as limited to the specific form shown and 
described, but instead is as set forth in the claims. 
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CLAIMS 

We claim: 

1. A DNA molecule usefiil for generating a recombinant adenoviral vector comprising 
an Ad5 51TR with packaging signal and an Ad5 3'ITR, a reporter or effector gene 

5 cassette and Ad5 sequence. 

2. A DNA molecule of claim 1 wherein said reporter gene cassette is the CMV-EGFP 
cassette in the opposite orientation as said Ad5 5'ITR. 



10 3. The DNA molecule designated GT41 17 as illustrated in Figure 8. 

4. A DNA molecule of claim 1 wherein said reporter gene cassette is the CMV-EGFP 
cassette in the same orientation as said Ad5 5'ITR. 

1 5 5. The DNA molecule designated GT4141 as illustrated in Figure 9. 

6. A DNA molecule useful for generating a recombinant adenoviral vector comprising 
an Ad5 5'ITR with packaging signal, a polylinker, and Ad5 sequence. 

20 7, A DNA molecule of claim 6 wherein said polylinker comprises the restriction enzyme 
sites for Xbal, Xhol, BglH, EcoRV, NoU, Spel, Sail, Clal and BamHI. 



8. The DNA molecule designated GT4120 as illustrated in Figure 7. 
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9. A DNA molecule comprising an Ad5 5*ITR and an Ad5 3'ITR, a polylinker, and Ad5 
sequence. 

5 1 0. A DNA molecule of claim 9 wherein said polylinker comprises the restriction enzyme 
sites for Xhol, Bgffl, EcoRV, NotI, Spel, Sail and Clal. 

1 1 . The DNA molecule designated GT4121 as illustrated in Figure 7. 

10 1 2. A DNA molecule of claim 9 wherein said polylinker comprises the restriction enyzme 
sites for Hindlll, Xhol, Bglll, EcoRV, NotI, Spel, SaU, and Clal. 

13. The DNA molecule designated GT4142 as illustrated in Figure 7. 

15 14. The adenoviral vector Ad-CEGFP. 

15. A method for generating a recombinant adenoviral particle using a shuttle vector 
selected from the group consisting of GT41T7, GT4121, GT4142, and GT4141 
consisting of the steps of, in combination: 

20 

mixing at room temperature one of said shuttle vectors with a helper plasmid; 
incubating the mixture at room temperature; 
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combining said mixture with a suitable transfection preparation; 
applying said mixture in said transfection preparation to a 293 cell; 

5 

incubating said 293 cell for a sufficient period of time such that adenoviral particles 
are generated; and, 

purifying said recombinant adenoviral particles. 

10 

16. A method of claim 15 wherein said shuttle vector is GT41 17 and said helper plasmid 
selected from the group consisting of pJM17, pBHGlO and pBHGll. 

17. A method of claim 15 wherein said shuttle vector is GT4117 and said helper plasmid 
15 selected from the group consisting of pBHGlO. 

18. A method of claim 15 wherein said shuttle vector is GT4121 and said helper plasmid 
selected from the group consisting of pJM17, pBHGlO and pBHGl 1, 

20 19. A method of claim 15 wherein said shuttle vector is GT4121 and said helper plasmid 
pBHGlO. 
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20. A method of claim 15 wherein said shuttle vector is GT4142 and said helper plasmid 
selected from the group consisting of pJM17, pBHGlO and pBHGl 1. 

21. A method of claim 15 wherein said shuttle vector is GT4142 and said helper plasmid 
pBHGlO. 

22. A method of claim 15 wherein said shuttle vector is GT4141 and said helper plasmid 
selected from the group consisting of pJM17, pBHGlO and pBHGl 1. 

23. A method of claim 15 wherein said shuttle vector is GT4141 and said helper plasmid 
pBHGlO. 

24. A method for generating a infectious, replication-deficient, recombinant adenoviral 
particle consisting of the steps of, in combination: 

mixing at a temperature from 35°C to 80°C a shuttle vector and a helper plasmid; 

combining said mixture with a suitable transfection preparation; 

applying said mixture in said transfection preparation to a 293 cell; 

incubating said 293 cell for a sufficient period of time such that an adenoviral particle 
is generated; and, 
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purifying said recombinant adenoviral particle whereby an infectious, replication- 
deficient recombinant adenoviral vector is generated. 

5 25. A method of claim 24 wherein said temperature is 35**C - 80°C. 

26. A method of claim 24 wherein said temperature is 50**C - 80**C. 

27. A method of claim 24 wherein said temperature is TO'^C. 

10 

28. A method of claim 24 wherein said 293 cell is beyond passage 50. 

29. A method of claim 24 wherein said temperature is 35**C - 80°C and said 293 cell 
beyond passage 50. 

15 

30. A method of claim 24 wherein said temperature is 50^C - 80°C and said 293 cell 
beyond passage 50. 

31. A method of claim 24 wherein said temperature is lO^'C and said 293 cell beyond 
20 passage 50. 



32. A method of claim 24 wherein said shuttle vector is selected firom the group 
consisting of GT41 17, GT4121, GT4142 and GT4141. 



wo 98/32860 



34 



PCT/US97/23685 



33. A method of claim 24 wherein said shuttle vector is selected from the group 
consisting of GT4117, GT4121, GT4142 and GT4141and said temperature is 35*^0 - 
80°C. 

5 

34. A method of claim 24 wherein said shuttle vector is selected from the group 
consisting of GT4117, GT4121, GT4142 and GT4141and said temperature is 50*^0 - 
80°C. 

10 35. A method of claim 24 wherein said shuttle vector is selected from the group 
consisting of GT41 17, GT4121, GT4142 and GT4141 and said temperature is 70°C. 

36. A method of claim 24 wherein said shuttle vector is selected from the group 
consisting of GT4117, GT4121, GT4142 and GT4141 and said 293 cell is beyond 

15 passage 50. 

37. A method of claim 24 wherein said shuttle vector is selected from the group 
consisting of GT4117, GT4121, GT4142 and 'GT4141, said temperature is 35*^0 - 
80**C and said 293 cell is beyond passage 50. 

20 

38. A method of claim 24 wherein said shuttle vector is selected from the group 
consisting of GT4117, GT4121, GT4142 and GT4141, said temperature is 50°C - 
BO^'C and said 293 cell is beyond passage 50. 
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39. A method of claim 24 wherein said shuttle vector is selected from the group 
consisting of GT4117, GT4121, GT4142 and GT4141, said temperature is 70°C and 
said 293 cell is beyond passage 50. 

40. An adenoviral vector comprising a DNA molecule selected from the group consisting 
of GT41 17, GT4121, GT4142 and GT4141. 

41. A III tor producing a recombinant adenoviral vector comprising a DNA molecule 
selected from the group consisting of GT4117, GT4121, GT4142 and GT4141, a 
helper plosmid and a cell line capable of supporting adenoviral replication. 
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